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(54) WHEEL LOADER

(57) Provided is a wheel loader capable of moving
up a lift arm in a short time during excavation work. A
wheel loader 1 comprises a controller 5 configured to
control maximum traction force of the wheel loader 1 and
input torque of a working device hydraulic pump 43, and
include a specific condition determination section 52A
configured to determine whether a specific condition for
specifying excavation work is satisfied, an elapsed time
measurement section 53 configured to measure an
elapsed time from start of the excavation work, and an
input torque control section 54B configured to limit the
input torque to a first input torque value Tp1 when the
specific condition is satisfied and increase the input
torque from the first input torque value Tp1 when a sec-
ond set time ST2 elapses from the elapse of a first set
time ST1.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a wheel loader
for excavating earth and sand, minerals, etc. and per-
forming object handling by loading an excavated object
onto such as a dump truck.

BACKGROUND ART

[0002] At the time of performing excavation work by a
wheel loader, if the traction force (traveling drive force)
is great, the reaction force acting on a lift arm when the
bucket is thrusted into an object to be excavated such
as earth and sand, minerals, etc. becomes great. The
reaction force becomes a resistance and disturbs a lifting
operation of the lift arm, and as a result, the lifting force
of the lift arm is decreased. Accordingly, at the time of
performing excavation work, technique for adjusting bal-
ance between the traction force and the lifting force of
the lift arm is required.
[0003] For example, Patent Literature 1 discloses a
wheel loader on which a torque converter type traveling
drive system is mounted, and this wheel loader is con-
figured to, when a condition for satisfying an excavation
state is continuously satisfied for a predetermined time,
decrease a limit value of the maximum rotational speed
of an engine with a lapse of time so as to limit the traction
force. In such a wheel loader, the traction force is sup-
pressed at the time of performing excavation work to im-
prove the workability.

CITATION LIST

PATENT LITERATURE

[0004] Patent Literature 1: WO/2009/054499

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] The excavation work can be roughly divided into
three types of work, such as work of thrusting a bucket
into an object to be excavated, work of scooping an ex-
cavated object with a bucket, and work of lifting a bucket
in a state in which the excavated object is loaded thereon.
Among these types of work, the work of lifting the bucket
is required to be performed in as a short time as possible.
However, the wheel loader according to Patent Literature
1 is configured to merely decrease the traction force grad-
ually to a predetermined limit value with a lapse of time
when the work of scooping the excavated object with the
bucket is started, and accordingly, it is difficult to quickly
move up the lift arm to which load of the object in the
bucket is applied during the work of lifting the bucket. In
this case, it takes time until the lift arm is lifted to the top,

in other words, it takes time until the bucket moves up,
which lowers the work efficiency.
[0006] An objective of the present invention is to pro-
vide a wheel loader capable of moving up a lift arm in a
short time during excavation work.

SOLUTION TO PROBLEM

[0007] In order to achieve the objective described
above, a wheel loader according to the present invention
is configured to comprises: a vehicle body; a plurality of
wheels provided on the vehicle body; an engine provided
on the vehicle body; a traveling drive device configured
to transmit power from the engine to the plurality of
wheels to make the vehicle body travel; a variable dis-
placement working device hydraulic pump driven by the
engine; and a front working device provided on a front
portion of the vehicle body and driven by hydraulic oil
supplied from the working device hydraulic pump, where-
in the wheel loader further comprises: a traveling state
sensor configured to detect a traveling state of the wheel
loader; an operation state sensor configured to detect an
operation state of the front working device; and a con-
troller configured to control maximum traction force of
the wheel loader and input torque of the working device
hydraulic pump, respectively, wherein the controller in-
cludes: a specific condition determination section config-
ured to determine whether a specific condition for spec-
ifying excavation work performed by the wheel loader is
satisfied based on the traveling state detected by the
traveling state sensor and the operation state detected
by the operation state sensor; an elapsed time measure-
ment section configured to measure an elapsed time from
start of the excavation work performed by the wheel load-
er; a traction force control section configured to control
the maximum traction force of the wheel loader; and an
input torque control section configured to control the input
torque of the working device hydraulic pump, wherein
the traction force control section is configured to, in a
case where the specific condition determination section
determines that the specific condition is satisfied and the
elapsed time measurement section measures that a pre-
determined first set time has elapsed from the start of
the excavation work, limit the maximum traction force of
the wheel loader to a predetermined first limit value with
a lapse of time while a predetermined second set time
elapses from the elapse of the predetermined first set
time, and wherein the input torque control section is con-
figured to: in a case where the specific condition deter-
mination section determines that the specific condition
is satisfied, limit the input torque of the working device
hydraulic pump to a predetermined first input torque val-
ue; and in a case where the elapsed time measurement
section measures that the predetermined second set
time has elapsed further from the elapse of the predeter-
mined first set time, limit the input torque of the working
device hydraulic pump from the predetermined first input
torque value to a predetermined second input torque val-
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ue which is greater than the predetermined first input
torque value.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the wheel loader of the present
invention, it is possible to move up a lift arm in a short
time during excavation work. The problems, configura-
tions, and effects other than those described above will
be clarified by explanation of the embodiments below.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

[FIG. 1] FIG. 1 is a side view illustrating appearance
of a wheel loader according to each embodiment of
the present invention.
[FIG. 2] FIG. 2 is a schematic diagram illustrating a
layout in an operator’s cab.
[FIG. 3] FIG. 3 explains excavation work performed
by a wheel loader.
[FIG. 4] FIG. 4 illustrates a hydraulic circuit and an
electric circuit of a wheel loader according to a first
embodiment.
[FIG. 5] FIG. 5 illustrates a graph showing the rela-
tionship between the maximum vehicle speed and
driving force for each speed stage.
[FIG. 6] FIG. 6 illustrates a graph showing the rela-
tionship between the step-on amount of an acceler-
ator pedal and target engine rotational speed.
[FIG. 7] FIG. 7 illustrates a graph showing the rela-
tionship between the lifting operation amount of a lift
arm and an opening area of a spool.
[FIG. 8] FIG. 8 is a functional block diagram illustrat-
ing the function of a controller.
[FIG. 9] FIG. 9 illustrates a flowchart showing an
overall flow of processing executed by the controller.
[FIG. 10] FIG. 10 illustrates a flowchart showing a
flow of maximum traction force control processing
executed by the controller.
[FIG. 11] FIG. 11 illustrates a graph showing the tem-
poral transition of the maximum traction force.
[FIG. 12] FIG. 12 illustrates a flowchart showing a
flow of input torque control processing for a working
device hydraulic pump executed by the controller.
[FIG. 13] FIG. 13 illustrates a graph showing the tem-
poral transition of the input torque of the working de-
vice hydraulic pump.
[FIG. 14] FIG. 14 illustrates a hydraulic circuit and
an electric circuit of a wheel loader according to a
second embodiment.
[FIG. 15] FIG. 15 illustrates a hydraulic circuit and
an electric circuit of a wheel loader according to a
third embodiment.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, the overall configuration and oper-
ations of a wheel loader according to each embodiment
of the present invention will be described with reference
to FIGs. 1 to 3.
[0011] FIG. 1 is a side view illustrating appearance of
a wheel loader 1 according to each embodiment of the
present invention. FIG. 2 is a schematic diagram illus-
trating a layout in an operator’s cab. FIGs. 3(a) to 3(c)
explains excavation work performed by the wheel loader
1.
[0012] The wheel loader 1 includes a vehicle body con-
stituted by a front frame 1A and a rear frame 1B, and a
front working device 2 provided on a front portion of the
vehicle body. The wheel loader 1 is an articulated type
work vehicle which is swiveled on a central portion of the
vehicle body and steered thereby. The front frame 1A
and the rear frame 1B are connected to each other by a
center joint 10 to swivel in the left and right direction so
that the front frame 1A is bent in the left and right direction
with respect to the rear frame 1B.
[0013] The front frame 1A is provided with a pair of left
and right front wheels 11A and a front working device 2.
The rear frame 1B is provided with a pair of left and right
rear wheels 11B, an operator’s cab 12 in which an oper-
ator works, a mechanical room 13 in which devices such
as an engine, a controller, and a cooler are accommo-
dated, and a counterweight 14 for maintaining balance
so that the vehicle body does not tilt.
[0014] In the following, regarding the left and right di-
rection of the wheel loader 1, the left direction as viewed
from the operator seated on a seat 121 (see FIG. 2) of
the operator’s cab 12 will be referred to as the "left direc-
tion" and the right direction as viewed therefrom will be
referred to as the "right direction" . FIG. 1 illustrates only
the left front wheel 11A and the left rear wheel 11B among
the pair of left and right front wheels 11A and rear wheels
11B.
[0015] The front working device 2 includes a lift arm
21 capable of being rotated in the vertical direction, a pair
of lift arm cylinders 22 configured to expand and contract
to drive the lift arm 21, a bucket 23 attached to the tip of
the lift arm 21, a bucket cylinder 24 configured to expand
and contract to make the bucket 23 rotate in the vertical
direction with respect to the lift arm, a bell crank 25 ro-
tatably connected to the lift arm 21 to constitute a link
mechanism between the bucket 23 and the bucket cyl-
inder 24, and a plurality of pipes (not illustrated) for guid-
ing pressure oil to the pair of lift arm cylinders 22 and the
bucket cylinder 24. FIG. 1 illustrates only one of the pair
of lift arm cylinders 22, which is disposed on the left side,
by indicating it with a broken line.
[0016] The lift arm 21 is rotated upward by extension
of rods 220 of each of the lift arm cylinders 22, and rotated
downward by contraction of each of the rods 220. The
bucket 23 is rotated upward (tilting) with respect to the
lift arm 21 by extension of a rod 240 of the bucket cylinder
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24, and rotated downward (dumping) with respect to the
lift arm 21 by contraction of the rod 240.
[0017] As illustrated in FIG. 2, the operator’s cab 12 is
provided with the seat 121 on which an operator is seat-
ed, a handle 122 disposed on a front portion of the seat
121 and used for steering the vehicle body in the left and
right direction, an accelerator pedal 123 for making the
vehicle body travel, a forward/reverse changeover switch
124 for switching the movement of the vehicle body be-
tween forward, stopping, and reverse, a shift switch 125
for selecting a speed stage of the vehicle body, and a
monitor 126 disposed on a further front portion from the
handle 122 and serving as a display device for displaying
such as a traveling state of the vehicle body and an op-
eration state of the front working device 2.
[0018] In the present embodiment, the monitor 126 in-
cludes a display unit 126A for displaying information on
the maximum traction force of the wheel loader 1 and
input torque of a working device hydraulic pump 43 (see
FIG. 4) which supplies hydraulic oil for driving the front
working device 2. The display unit 126A can notify the
operator of predetermined restriction states of the wheel
loader 1 by, for example, lighting red when the maximum
traction force of the wheel loader 1 is limited, and flashing
red when the input torque of the working device hydraulic
pump 43 is limited.
[0019] The wheel loader 1 is a work vehicle which is
used, for example in a strip mine, to excavate earth and
sand, minerals, etc. and perform object handling for load-
ing them onto such as a dump truck. In the excavation
work, firstly, the wheel loader 1 advances at full throttle
toward the ground 100 which is an object to be excavated,
and thrusts the bucket 23 into the ground 100 (the state
illustrated in FIG. 3(a)). Secondly, the wheel loader 1
makes the bucket 23 tilt to scoop up an excavated object
(the state illustrated in FIG. 3(b)). Thirdly, the wheel load-
er 1 performs a lifting operation of the lift arm 21 in order
to move the bucket 23 upward in a state in which the
excavated object is loaded thereon (the state illustrated
in FIG. 3(c)). A series of work illustrated in FIGs. 3(a) to
3(c) is referred to as "excavation work".
[0020] Hereinafter, a drive system of the wheel loader
1 will be described for each embodiment.

<First embodiment>

[0021] The drive system of the wheel loader 1 accord-
ing to the first embodiment will be described with refer-
ence to FIGs. 4 to 13.

(Configuration of traveling drive device 4)

[0022] Within the drive system of the wheel loader 1
according to the present embodiment, firstly, the config-
uration of a traveling drive device 4 as a traveling drive
system of the vehicle body will be described with refer-
ence to FIGs. 4 to 6.
[0023] FIG. 4 illustrates a hydraulic circuit and an elec-

tric circuit of the wheel loader 1 according to the first
embodiment. FIG. 5 illustrates a graph showing the re-
lationship between the maximum vehicle speed and driv-
ing force for each speed stage. FIG. 6 illustrates a graph
showing the relationship between the step-on amount of
the accelerator pedal and target engine rotational speed.
[0024] The wheel loader 1 according to the present
embodiment is configured to control traveling of the ve-
hicle body by the torque converter type traveling drive
device 4. As illustrated in FIG. 4, the traveling drive device
4 includes an engine 3, a torque converter 41 of which
an input shaft is connected to an output shaft of the engine
3, a transmission 42 connected to an output shaft of the
torque converter 41, and a controller 5 for controlling each
device such as the engine 3.
[0025] The torque converter 41 is a hydraulic clutch
constituted by an impeller, a turbine, and a stator, and
has the function to increase the output torque with respect
to the input torque, that is, the function to set the torque
ratio (=output torque/input torque) to 1 or more. This
torque ratio decreases as the torque converter speed
ratio (=output shaft rotational speed/input shaft rotational
speed), which is the ratio of the rotational speed of the
input shaft of the torque converter 41 and the rotational
speed of the output shaft thereof, increases . Thereby,
the rotational speed of the engine 3 is changed and then
transmitted to the transmission 42.
[0026] The transmission 42 is a transmission capable
of switching a speed stage between a plurality of speed
stages, and changes the rotational speed of the output
shaft of the torque converter 41. In the present embodi-
ment, the transmission 42 has four speed stages as il-
lustrated in FIG. 5. Each of the speed stages is respec-
tively set such that the maximum vehicle speed increases
in the order of the first speed stage, the second speed
stage, the third speed stage, and the fourth speed stage
(S1<S2<S3<S4), and the maximum driving force in-
creases in the order of the fourth speed stage, the third
speed stage, the second speed stage, and the first speed
stage (F4<F3<F2<F1).
[0027] Here, the "first speed stage" is a speed stage
corresponding to a low speed stage to be selected during
excavation work of the wheel loader 1. The "second
speed stage" is a speed stage to be selected when the
wheel loader 1 travels toward a dump truck during a load-
ing operation (raise and run operation) . The "third speed
stage" and the "fourth speed stage" are speed stages to
be selected such as when the wheel loader 1 travels
along a conveyance path. FIG. 5 illustrates the first speed
stage by a solid line, the second speed stage by a broken
line, the third speed stage by a one-dot dashed line, and
the fourth speed stage by a two-dot dashed line, respec-
tively.
[0028] The first to fourth speed stages are switched by
selecting one of them with the shift switch 125. When the
operator selects a desired speed stage with the shift
switch 125, a speed stage signal relating to the selected
speed stage is output from the shift switch 125 to the
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controller 5. Then, the controller 5 outputs the speed
stage signal to a transmission control unit 420. The trans-
mission control unit 420 includes solenoid valves respec-
tively corresponding to each of the first to fourth speed
stages, and upon receiving a speed stage signal, the
solenoid valve corresponding to this speed stage signal
is driven to make hydraulic oil act on a clutch of the trans-
mission 42. As a result, a clutch corresponding to the
desired speed stage is engaged and the speed stage is
switched.
[0029] The speed stages can be switched automati-
cally without using the shift switch 125. In this case, a
signal is output from the controller 5 to the transmission
control unit 420 so as to change the vehicle speed at an
optimum speed in accordance with the step-on amount
of the accelerator pedal 123 using the torque converter
speed ratio as a parameter.
[0030] Traveling direction of the wheel loader 1, in oth-
er words, forward direction movement or reverse direc-
tion movement is switched in accordance with the en-
gagement of the clutches of the transmission 42. The
forward direction movement and the reverse direction
movement are switched by the forward/reverse change-
over switch 124. When the operator switches the for-
ward/reverse changeover switch 124 to a position corre-
sponding to the forward direction movement, a for-
ward/reverse changeover signal indicating the forward
direction movement is output to the controller 5, and the
controller 5 outputs a command signal to the transmis-
sion control unit 420 so as to bring a forward direction
movement clutch of the transmission 42 into an engaged
state. When the transmission control unit 420 receives a
command signal relating to the forward direction move-
ment, a clutch control valve provided in the transmission
control unit 420 is actuated to bring the forward direction
movement clutch into an engaged state, and thereby the
traveling direction of the vehicle body is switched to the
forward direction. Switching the vehicle body to the re-
verse direction movement is performed in the same man-
ner.
[0031] In the torque converter type traveling drive de-
vice 4, firstly, when the operator steps on the accelerator
pedal 123, the engine 3 rotates, and the input shaft of
the torque converter 41 rotates with the rotation of the
engine 3. Then, the output shaft of the torque converter
41 rotates in accordance with the set torque converter
speed ratio, and the output torque from the torque con-
verter 41 is transmitted to the front wheels 11A and the
rear wheels 11B via the transmission 42, a propeller shaft
16, and an axle 15, which makes the wheel loader 1 trav-
el.
[0032] The step-on amount of the accelerator pedal
123 is detected by a step-on amount sensor 70 and input
to the controller 5. As illustrated in FIG. 6, the step-on
amount of the accelerator pedal 123 is proportional to
the target engine rotational speed, and the target engine
rotational speed increases as the step-on amount of the
accelerator pedal 123 increases. By utilizing this propor-

tional relationship, a command signal in accordance with
the target engine rotational speed corresponding to the
step-on amount which has been input to the controller 5
is output from the controller 5 to the engine 3.
[0033] The rotational speed of the engine 3 is control-
led based on the target engine rotational speed. Accord-
ingly, when the step-on amount of the accelerator pedal
123 is great, the rotational speed of the output shaft of
the torque converter 41 increases and thus the vehicle
speed increases. As illustrated in FIG. 4, the rotational
speed of the engine 3 is detected by a first rotational
speed sensor 71 provided on the output shaft side of the
engine 3, and the vehicle speed is detected by a second
rotational speed sensor 72 as the rotational speed of the
propeller shaft 16.
[0034] In FIG. 6, on a predetermined region (range of
0% to 20% or 30%) in which the step-on amount of the
accelerator pedal 123 is small, the target engine rotation-
al speed is set to be maintained at the minimum target
engine rotational speed Vmin regardless of the step-on
amount of the accelerator pedal 123, while on a prede-
termined region (range of 70% or 80% to 100%) in which
the step-on amount of the accelerator pedal 123 is great,
the target engine rotational speed is set to be maintained
at the maximum target engine rotational speed Vmax re-
gardless of the step-on amount of the accelerator pedal
123. These settings can be arbitrarily changed.

(Drive system of front working device 2)

[0035] In the following, within the drive system of the
wheel loader 1, the drive system of the front working de-
vice 2 will be described with reference to FIGs. 4 and 7.
[0036] FIG. 7 illustrates a graph showing the relation-
ship between the lifting operation amount of a lift arm and
an opening area of a spool.
[0037] As illustrated in FIG. 4, the wheel loader 1 is
driven by the engine 3, and includes the working device
hydraulic pump 43 for supplying hydraulic oil to the front
working device 2, a hydraulic oil tank 44 for storing the
hydraulic oil, a lift arm operation lever 210 for operating
the lift arm 21, a bucket operation lever 230 for operating
the bucket 23, and a control valve 45 for controlling flow
of pressure oil supplied from the working device hydraulic
pump 43 to the lift arm cylinders 22 and the bucket cyl-
inder 24, respectively.
[0038] The working device hydraulic pump 43 is a
swash plate type or a swash shaft type variable displace-
ment hydraulic pump in which the displacement volume
is controlled in accordance with the tilt angle. The tilt an-
gle is adjusted by a regulator 430 in accordance with a
command signal output from the controller 5. The dis-
charge pressure from the working device hydraulic pump
43 is detected by a pressure sensor 73, and a signal
relating to the detected discharge pressure is output to
the controller 5.
[0039] For example, when the operator operates the
lift arm operation lever 210 in the direction of moving up
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the lift arm 21, pilot pressure corresponding to its oper-
ation amount is generated. This pilot pressure corre-
sponds to the lifting operation amount of the lift arm 21
by the lift arm operation lever 210.
[0040] The generated pilot pressure acts on the control
valve 45, and a spool in the control valve 45 strokes in
accordance with the pilot pressure. The hydraulic oil dis-
charged from the working device hydraulic pump 43 flows
into the lift arm cylinders 22 via the control valve 45, and
the rods 220 of the lift arm cylinders 22 are extended
thereby.
[0041] As illustrated in FIG. 7, the lifting operation
amount [%] of the lift arm 21 is proportional to the opening
area [%] of the spool of the control valve 45, and when
the lifting operation amount of the lift arm 21 increases,
the opening area of the spool also increases. When the
operator operates the lift arm operation lever 210 largely
in the direction of moving up the lift arm 21, the amount
of hydraulic oil flowing into the lift arm cylinders 22 in-
creases, and thus the rods 220 are rapidly extended.
[0042] In FIG. 7, when the lifting operation amount of
the lift arm 21 is in the range of 0% to 20%, the spool is
not opened and the opening area is 0% (dead band) .
When the lifting operation amount of the lift arm 21 is in
the range of 85% to 100%, the opening area of the spool
is constant at 100%, and a full lever operation state is
maintained.
[0043] With respect to the operation of the bucket 23,
similarly to the operation of the lift arm 21, pilot pressure
generated in accordance with the operation amount of
the bucket operation lever 230 acts on the control valve
45, and thereby the opening area of the spool of the con-
trol valve 45 is controlled, so that the amount of hydraulic
oil flowing into and out from the bucket cylinder 24 is
adjusted.
[0044] Although not illustrated in FIG. 4, each opera-
tion amount (pilot pressure) sensor for detecting the low-
ering operation amount of the lift arm 21 and the tilt-
ing/dumping operation amount of the bucket 23, respec-
tively, is also provided on each conduit of the hydraulic
circuit.
[0045] As described above, the engine 3 is a drive
source of the traveling drive device 4, and also serves
as a drive source of the front working device 2. Accord-
ingly, the total output torque with respect to the actual
rotational speed of the engine 3 is the sum of the input
torque of the working device hydraulic pump 43 with re-
spect to the actual rotational speed of the engine 3 and
the input torque of the torque converter 41 with respect
to the actual rotational speed of the engine 3. In the ex-
cavation work, the work efficiency can be improved by
appropriately adjusting the balance between the driving
force of the front working device 2 and the traveling drive
force. Therefore, the input torque of the working device
hydraulic pump 43 and the maximum traction force of the
wheel loader 1 are controlled by the controller 5.

(Configuration and function of controller 5)

[0046] In the following, the configuration and function
of the controller 5 will be described with reference to FIGs.
8 to 13.
[0047] FIG. 8 is a functional block diagram illustrating
the function of the controller 5. FIG. 9 illustrates a flow-
chart showing an overall flow of processing executed by
the controller 5. FIG. 10 illustrates a flowchart showing
a flow of maximum traction force control processing ex-
ecuted by the controller 5. FIG. 11 illustrates a graph
showing the temporal transition of the maximum traction
force. FIG. 12 illustrates a flowchart showing a flow of
input torque control processing for a working device hy-
draulic pump executed by the controller 5. FIG. 13 illus-
trates a graph showing the temporal transition of the input
torque of the working device hydraulic pump.
[0048] The controller 5 is constituted by a CPU, a RAM,
a ROM, an input I/F, and an output I/F which are con-
nected to each other via a bus. Various operation devices
such as the forward/reverse changeover switch 124 and
the shift switch 125, and various sensors such as the
step-on amount sensor 70 and the pressure sensor 73
are connected to the input I/F. The engine 3, the regulator
430 of the working device hydraulic pump 43, the monitor
126, etc. are connected to the output I/F.
[0049] In this hardware configuration, the CPU reads
out an arithmetic program (software) stored in a recording
medium such as a ROM or an optical disk, expands it on
the RAM, and executes the expanded arithmetic pro-
gram. Thereby, the arithmetic program and the hardware
are operated in cooperation, which realizes the function
of the controller 5.
[0050] In the present embodiment, the controller 5 is
described as a computer configured by a combination of
software and hardware. Meanwhile, the present inven-
tion is not limited to this configuration but as an example
of the configuration of another computer, an integrated
circuit that realizes the function of an arithmetic program
executed on the side of the wheel loader 1 may be used.
[0051] As illustrated in FIG. 8, the controller 5 includes
a data acquisition section 51, a determination section 52,
an elapsed time measurement section 53, a control sec-
tion 54, a storage section 55, and a signal output section
56.
[0052] The data acquisition section 51 acquires data
relating to a forward/reverse changeover signal from the
forward/reverse changeover switch 124, the step-on
amount of the accelerator pedal 123 detected by the step-
on amount sensor 70, the discharge pressure Pa of the
working device hydraulic pump 43 detected by the pres-
sure sensor 73, and the speed stage signal output from
the shift switch 125.
[0053] The determination section 52 includes a specif-
ic condition determination section 52A configured to de-
termine whether a specific condition for specifying the
excavation work of the wheel loader 1 is satisfied, and a
release condition determination section 52B configured
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to determine whether a release condition for releasing
the excavation work of the wheel loader 1 is satisfied.
Both the specific condition determination section 52A and
the release condition determination section 52B deter-
mine the respective conditions based on the forward/re-
verse changeover signal from the forward/reverse
changeover switch 124, the step-on amount of the ac-
celerator pedal 123 from the step-on amount sensor 70,
and the discharge pressure Pa of the working device hy-
draulic pump 43 from the pressure sensor 73.
[0054] Here, the "specific condition" represents a con-
dition for specifying the series of work illustrated in FIGs.
3(a) to 3(c), which is the excavation work performed by
the wheel loader 1. The "release condition" represents a
condition for releasing the excavation work of the wheel
loader 1 when the specific condition is not continuously
satisfied. In this connection, a "case in which the specific
condition is not continuously satisfied" refers to a case
in which the excavation work is stopped or interrupted
halfway by the operation of the operator or a case in
which the excavation work is completed.
[0055] Each of the forward/reverse changeover switch
124 and the step-on amount sensor 70 is an aspect of a
traveling state sensor for detecting the traveling state of
the wheel loader 1, and the pressure sensor 73 is one
aspect of an operation state sensor for detecting the op-
eration state of the front working device 2. That is, the
determination section 52 determines the specific condi-
tion and the release condition based on the traveling state
of the wheel loader 1 detected by the traveling state sen-
sor and the operation state of the front working device 2
detected by the operation state sensor.
[0056] In the present embodiment, the traveling state
of the vehicle body is determined based on the for-
ward/reverse changeover signal output from the for-
ward/reverse changeover switch 124 and the step-on
amount of the accelerator pedal 123 detected by the step-
on amount sensor 70. Meanwhile, the present invention
is not limited to this but the traveling state of the vehicle
body may be determined comprehensively based on
each of the traveling states detected by a plurality of other
traveling state sensors mounted on the vehicle body.
Similarly, in the present embodiment, the operation state
of the front working device 2 is determined by the dis-
charge pressure Pa of the working device hydraulic pump
43 detected by the pressure sensor 73. Meanwhile the
present invention is not limited to this but the operation
state of the front working device 2 may be determined
by, for example, detecting the pilot pressure acting on
the lift arm cylinders 22 and the bucket cylinder 24.
[0057] The elapsed time measurement section 53
measures an elapsed time from the start of the excava-
tion work performed by the wheel loader 1. The control
section 54 includes a traction force control section 54A
configured to control the maximum traction force of the
wheel loader 1 in accordance with the elapsed time
measured by the elapsed time measurement section 53,
and an input torque control section 54B configured to

control the input torque of the working device hydraulic
pump 43 in accordance with the elapsed time measured
by the elapsed time measurement section 53. In the fol-
lowing, there are cases in which the "maximum traction
force of the wheel loader 1" is simply referred to as the
"maximum traction force" and the "input torque of the
working device hydraulic pump 43" simply referred to as
the "input torque".
[0058] The storage section 55 stores a predetermined
set value Pth relating to the discharge pressure of the
working device hydraulic pump 43, a predetermined first
set time ST1 relating to the elapsed time from the start
of the excavation work, a predetermined second set time
ST2 and a predetermined third set time ST3, a predeter-
mined first limit value R1 relating to the maximum traction
force and a predetermined second limit value R2 which
is smaller than the predetermined first limit value R1
(R2<R1), and a predetermined first input torque value
Tp1 relating to the input torque and a predetermined sec-
ond input torque value Tp2 which is greater than the pre-
determined first input torque value Tp1 (Tp2>Tp1), re-
spectively. In the following, the term "predetermined" will
be omitted from these values stored in the storage section
55.
[0059] Here, the "first set time ST1" is a time corre-
sponding to the work of thrusting the bucket 23 into the
ground 100 while making the vehicle body advance (see
the state illustrated in FIG. 3(a)). The "second set time
ST2" is a time corresponding to the work of scooping the
excavated object by tilting the bucket 23 (see the state
illustrated in FIG. 3(b)). The "third set time ST3" is a time
corresponding to the work of moving up the bucket 23 in
a state in which the excavated object is loaded thereon,
in other words, a time corresponding to the lifting oper-
ation of the lift arm 21 (see the state illustrated in FIG.
3(c)). Accordingly, in FIGs. 11 and 13, T=0 represents
the start of the excavation work, T=T1 represents the
start of the tilting operation of the bucket 23, and T=T2
represents the start of the lifting operation of the lift arm
21.
[0060] The signal output section 56 outputs a com-
mand signal in accordance with the processing executed
by the traction force control section 54A to the engine 3,
and outputs a command signal in accordance with the
processing executed by the input torque control section
54B to the regulator 430 of the working device hydraulic
pump 43.
[0061] The signal output section 56 outputs, to the
monitor 126, a display signal for displaying a state in
which the maximum traction force is limited to the second
limit value R2 (see FIG. 11) based on a limited state by
the traction force control section 54A, and outputs, to the
monitor 126, a display signal for displaying a state in
which the input torque of the working device hydraulic
pump 43 is controlled to the second input torque value
Tp2 (see FIG. 13) based on a controlled state by the input
torque control section 54B.
[0062] In the following, a flow of the specific processing
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executed by the controller 5 will be described.
[0063] As illustrated in FIG. 9, firstly, the data acquisi-
tion section 51 acquires the forward/reverse changeover
signal from the forward/reverse changeover switch 124,
the step-on amount of the accelerator pedal 123 from the
step-on amount sensor 70, the discharge pressure Pa of
the working device hydraulic pump 43 from the pressure
sensor 73, and the speed stage signal from the shift
switch 125 (step S501).
[0064] Secondly, the specific condition determination
section 52A determines whether the wheel loader 1 sat-
isfies the specific condition based on the forward/reverse
changeover signal, the step-on amount of the accelerator
pedal 123, and the discharge pressure Pa of the working
machine pressure pump 43 which are acquired in the
step S501 (step S502).
[0065] When it is determined in step S502 that the spe-
cific condition is satisfied (step S502/YES), the specific
condition determination section 52A determines whether
the speed stage signal acquired in step S501 corre-
sponds to the "low speed stage" (step S503).
[0066] When it is determined in step S503 that the
speed stage corresponds to the "low speed stage" (step
S503/YES), the specific condition determination section
52A determines whether the discharge pressure Pa of
the working device hydraulic pump 43 acquired in step
S501 is equal to or greater than the set value Pth read
from the storage section 55 (step S504) .
[0067] When it is determined in step S504 that the dis-
charge pressure Pa of the working device hydraulic pump
43 is equal to or greater than the set value Pth (Pa^Pth)
(step S504/YES), the controller 5 proceeds to the maxi-
mum traction force control processing (step S510) for the
wheel loader 1 and the input torque control processing
(step S530) for the working device hydraulic pump 43.
[0068] On the other hand, when it is determined in step
S502 that the specific condition is not satisfied (step
S502/NO), when it is determined in step S503 that the
speed stage does not correspond to the "low speed
stage" (step S503/NO), and when it is determined in step
S504 that the discharge pressure Pa of the working de-
vice hydraulic pump 43 is not equal to or greater than the
predetermined set value Pth, in other words, when it is
determined in step S504 that the discharge pressure Pa
of the working device hydraulic pump 43 is less than the
predetermined set value Pth (Pa<Pth) (step S504/NO),
the controller 5 ends the processing.
[0069] As described above, in the present embodi-
ment, the specific condition determination section 52A
determines that the specific condition is satisfied when
the speed stage of the transmission 42 is the "low speed
stage" and the discharge pressure Pa of the working de-
vice hydraulic pump 43 is equal to or greater than the set
value Pth (Pa^Pth), which makes it possible to more
accurately determine the excavation work performed by
the wheel loader 1. In this connection, the controller 5
does not necessarily perform the processing of step S503
and the processing of step S504, but may proceed to the

processing of step S510 and the processing of step S530
at least when it is determined YES in step S502.
[0070] Hereinafter, with reference to FIGs. 10 and 11,
the maximum traction force control processing (step
S510) for the wheel loader 1 will be described.
[0071] In the maximum traction force control process-
ing (step S510) for the wheel loader 1, firstly, the elapsed
time measurement section 53 measures whether the first
set time ST1 has elapsed from the start of the excavation
work (when it is determined in step S502 that the specific
condition is satisfied; time T=0) (step S511).
[0072] When it is determined in step S511 that the
elapse of the first set time ST1 from the start of the ex-
cavation work (time T=0) has been measured (step
S511/YES), the traction force control section 54A limits
the maximum traction force from an initial value R0 to
the first limit value R1 with a lapse of time during a period
of time (=T2-T1) from the elapse of the first set time ST1
(time T=T1) to the elapse of the second set time ST2
(time T=T2) (step S512).
[0073] In the present embodiment, as illustrated in FIG.
11, the maximum traction force is gradually limited from
the initial value R0 to the first limit value R1 during a time
of about half of the second set time ST2, and thereafter
remains constant at the first limit value R1 until the sec-
ond set time ST2 elapses (time T=T2). Meanwhile, the
present invention is not limited to this but the maximum
traction force may be gradually limited from the initial
value R0 to the first limit value R1 over the entire time of
the second set time ST2.
[0074] When the elapse of the first set time ST1 from
the start of the excavation work (time T=0) is not meas-
ured in step S511 (step S511/NO), the controller 5 does
not proceed to the subsequent step S512 until the first
set time ST1 elapses from the start of the excavation
work (time T=0) (step S511/YES).
[0075] Next, the elapsed time measurement section
53 measures whether the second set time ST2 has fur-
ther elapsed from the elapse of the first set time ST1
(time T=T1) (step S513). When it is determined in step
S513 that the elapse of the second set time ST2 further
from the elapse of the first set time ST1 (time T=T1) has
been measured (step S513/YES), the traction force con-
trol section 54A limits the maximal traction force from the
first limit value R1 to the second limit value R2 (<R1)
(step S514) .
[0076] As illustrated in FIG. 11, a time when the second
set time ST2 further elapses (time T=T2) from the elapse
of the first set time ST1 (time T=T1) is a timing when the
tilting operation of the bucket 23 is finished and the lifting
operation of the lift arm 21 is started. By decreasing the
maximum traction force from the first limit value R1 to
the second limit value R2 at this timing (decreasing the
maximum traction force by two steps from the initial value
R0), the maximum traction force becomes smaller than
that in the case of the first limit value R1, which makes
it easy to move up the lift arm 21.
[0077] This is because, while the reaction force against

13 14 



EP 3 653 798 A1

9

5

10

15

20

25

30

35

40

45

50

55

the traction force acts on the lift arm 21 and prevents the
lifting operation thereof, this reaction force is suppressed
more than in the case of the first limit value R1, and there-
by the lifting force of the lift arm 21 becomes greater. As
a result, the lifting speed of the lift arm 21 increases,
which makes it easy to move up the bucket 23 in a short
time even in a state in which an object is loaded thereon.
[0078] When the elapse of the second set time ST2
from the elapse of the first set time ST1 (time T=T1) is
not measured in step S513 (step S513/NO), the controller
5 does not proceed to the subsequent step S514 until
the second set time ST2 elapses from the elapse of the
first set time ST1 (time T=T1) (step S513/YES) .
[0079] The signal output section 56 outputs a display
signal to the monitor 126 in accordance with the limited
state by the traction force control section 54A (step
S515) . As a result, the display unit 126A of the monitor
126 displays that the maximum traction force of the wheel
loader 1 is limited to the second limit value R2, so that
the operator can confirm that the wheel loader 1 is in the
limited state and can recognize the timing of the limitation
by the controller 5.
[0080] Next, the elapsed time measurement section
53 measures whether the third set time ST3 has further
elapsed from the elapse of the second set time ST2 (time
T=T2) (step S516). When it is determined in step S516
that the elapse of the third set time ST3 further from the
elapse of the second set time ST2 (time T=T2) has been
measured (step S516/YES), the traction force control
section 54A brings the maximal traction force back to the
first limit value R1 from the second limit value R2 (step
S517).
[0081] As illustrated in FIG. 11, a time when the third
set time ST3 elapses (time T=T3) after the elapse of the
second set time ST2 (time T=T2) is a timing at which the
lifting operation of the lift arm 21 is completed. For ex-
ample, in the case where the second limit value R2 is a
value which is somewhat smaller than the first limit value
R1, when the maximum traction force is decreased from
the first limit value R1 to the second limit value R2, the
operator easily feels that the traction force is insufficient
(torque release).
[0082] In this case, by increasing the maximum traction
force from the second limit value R2 to the first limit value
R1 around the time when the lifting operation of the lift
arm 21 is finished, it is possible to prevent the insufficien-
cy of the traction force. Therefore, in view of preventing
insufficiency of the traction force, it is preferable to set a
time during which the maximum traction force is limited
to the second limit R2, namely the third set time ST3, to
be short.
[0083] In FIGs. 10 and 11, the traction force control
section 54A brings the maximum traction force from the
second limit value R2 to the first limit value R1. Mean-
while, the present invention is not limited to this, but the
first limit value R1 may not be used as long as the max-
imum traction force is greater than the second limit value
R2.

[0084] Then, the signal output section 56 outputs a dis-
play signal to the monitor 126 in accordance with the
controlled state by the traction force control section 54A
(step S518) . As a result, the display indicating that the
maximum traction force of the wheel loader 1 is limited
to the second limit value R2 disappears from the display
unit 126A, so that the operator can confirm that the limited
state in which the maximum traction force is limited to
the second limit value R2 has been released.
[0085] Next, the release condition determination sec-
tion 52B determines whether the specific condition is con-
tinuously satisfied, in other words, whether the release
condition is satisfied (step S519) . When it is determined
in step S519 that the release condition is satisfied (step
S519/YES), the traction force control section 54A releas-
es the limitation on the maximum traction force to the first
limit value R1 and the second limit value R2 (step S520),
and the controller 5 ends the processing.
[0086] As described above, while the wheel loader 1
is performing work other than the excavation work, by
releasing the limitation on the maximum traction force,
the maximum traction force can be set to a value greater
than the first limit value R1 and the second limit value R2
(for example, the initial value R0). As a result, the vehicle
speed can be increased when the vehicle body is made
to be driven at full throttle.
[0087] When it is determined in step S519 that the re-
lease condition is not satisfied (step S519/NO), the con-
troller 5 does not proceed to the subsequent step S520
until the release condition is satisfied (step S519/YES).
[0088] In the present embodiment, the determination
of the release condition is performed in step S519 which
is the last processing of the maximum traction force con-
trol processing for the wheel loader 1. Meanwhile, for
example, when the excavation work is stopped or inter-
rupted halfway by an operation of the operator, the de-
termination of the release condition is performed in the
middle of the process prior to step S519.
[0089] Hereinafter, with reference to FIG. 12 and FIG.
13, the input torque control processing (step S530) for
the working device hydraulic pump 43 will be described.
[0090] In the input torque control processing (step
S530) for the working device hydraulic pump 43, firstly,
the input torque control section 54B limits the input torque
to the first input torque value Tp1 (step S531) when it is
determined that the specific condition is satisfied (at the
start of excavation work; time T=0).
[0091] As illustrated in FIG. 13, by limiting the input
torque to the first input torque value Tp1 at an initial stage
of the excavation work (the states illustrated in FIGs. 3(a)
and 3(b)), the input torque of the engine 3 can be used
more on the side of the traveling drive device 4 than on
the side of the working device hydraulic pump 43. At this
time, since the tilting operation of the bucket 23 is per-
formed slowly, there is no problem even if the input torque
of the working device hydraulic pump 43 is limited. That
is, the first input torque value Tp1 needs to be a value
which does not affect the tilting operation of the bucket 23.
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[0092] Next, the elapsed time measurement section
53 measures whether the second set time ST2 has fur-
ther elapsed from the elapse of the first set time ST1
(time T=T1) (step S532). When it is determined in step
S532 that the elapse of the second set time ST2 further
from the elapse of the first set time ST1 is measured (time
T=T1) (step S532/YES), the input torque control section
54B sets the input torque from the first input torque value
Tp1 to the second input torque value Tp2 (>Tp1) (step
S533).
[0093] As described above, the time when the second
set time ST2 further elapses (time T=T2) from the elapse
of the first set time ST1 (time T=T1) is the timing at which
the tilting operation of the bucket 23 is finished and the
lifting operation of the lift arm 21 is started. As illustrated
in FIG. 13, by setting the input torque to the second input
torque value Tp2 which is greater than the first input
torque value Tp1 at this timing, the flow rate of the hy-
draulic oil supplied from the working device hydraulic
pump 43 to the lift arm cylinders 22 increases as com-
pared with the case in which the flow rate of the hydraulic
oil is limited to the first input torque value Tp1, so that
the lifting speed of the lift arm 21 increases.
[0094] This is because, since the input torque of the
working device hydraulic pump 43 is represented by the
product of the discharge pressure of the working device
hydraulic pump 43 and the displacement volume (input
torque = discharge pressure 3 displacement volume),
the displacement volume with respect to the discharge
pressure Pa of the working device hydraulic pump 43
also increases as the input torque increases. As a result,
it is possible to shorten the working time of the lifting
operation of the lift arm 21, which leads to improvement
in the working efficiency.
[0095] In the present embodiment, since the maximum
traction force is limited from the first limit value R1 to the
second limit value R2 and the input torque is increased
from the first input torque value Tp1 to the second input
torque value Tp2 at the timing at which the tilting opera-
tion of the bucket 23 is finished and the lifting operation
of the lift arm 21 is started, the lifting speed of the lift arm
21 becomes higher and it is possible to move up the lift
arm 21 in a shorter time as compared with a case in which
only the maximum traction force is limited and a case in
which only the input torque is controlled.
[0096] When the elapse of the second set time ST2
further from the elapse of the first set time ST1 (time
T=T1) is not measured in step S532 (step S532/NO), the
controller 5 does not proceed to the subsequent step
S533 until the second set time ST2 elapses from the
elapse of the first set time ST1 (time T=T1) (step
S532/YES) .
[0097] The signal output section 56 outputs a display
signal to the monitor 126 in accordance with the control-
led state by the input torque control section 54B in step
S533 (step S534) . As a result, the display unit 126A of
the monitor 126 displays that the input torque of the work-
ing device hydraulic pump 43 is controlled to the second

input torque value Tp2, so that the operator can confirm
that the input torque of the working device hydraulic pump
43 is in the controlled state and can recognize the timing
of the control by the controller 5.
[0098] Next, the release condition determination sec-
tion 52B determines whether the specific condition is con-
tinuously satisfied, that is, whether the release condition
is satisfied (step S535) . When it is determined in step
S535 that the release condition is satisfied (step
S535/YES), the input torque control section 54B releases
the limitation in which the input torque is limited to the
first input torque value Tp1 and the second input torque
value Tp2 (step S536), and the controller 5 ends the
processing.
[0099] As described above, while the wheel loader 1
is performing work other than the excavation work, by
releasing the limitation on the input torque, the input
torque of the working device hydraulic pump 43 can be
set to the input torque value which is greater than the
first input torque value Tp1 and the second input torque
value Tp2, so that the operation speed can be increased
when the front working device 2 is operated independ-
ently and the operation efficiency can be improved.
[0100] When it is determined in step S535 that the re-
lease condition is not satisfied (step S535/NO), the con-
troller 5 does not proceed to the subsequent step S536
until the release condition is satisfied (step S535/YES).
[0101] In the present embodiment, similarly to the max-
imum traction force control processing for the wheel load-
er 1 (step S510), the determination of the release condi-
tion is performed in step S536 which is the last processing
of the input torque control processing for the working de-
vice hydraulic pump 43. Meanwhile, for example, when
the excavation work is stopped or interrupted halfway by
an operation of the operator, the determination of the
release condition is performed in the middle of the
processing prior to step S536.

<Second Embodiment>

[0102] Hereinafter, with reference to FIG. 14, the wheel
loader 1 according to the second embodiment of the
present invention will be described. In FIG. 14, the con-
stituent elements common with those described for the
wheel loader 1 according to the first embodiment are pro-
vided with the same reference signs, and description
thereof is omitted.
[0103] FIG. 14 illustrates a hydraulic circuit and an
electric circuit of the wheel loader 1 according to the sec-
ond embodiment.
[0104] The wheel loader 1 according to the present
embodiment is configured to control the traveling of the
vehicle body by an HMT type traveling drive device 4A.
The traveling drive device 4A includes the engine 3, an
HST pump 46 as a traveling hydraulic pump driven by
the engine 3, an HST motor 47 as a traveling hydraulic
motor connected to the HST pump 46 in a closed circuit,
and a mechanical transmission unit 80. In other words,
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the traveling drive device 4A is constituted by an HST 40
(HST type traveling drive device), in which the HST pump
46 and the HST motor 47 are connected in a closed cir-
cuit, with the mechanical transmission unit 80.
[0105] The HST pump 46 is a swash plate type or a
swash shaft type variable displacement hydraulic pump
in which the displacement volume is controlled in accord-
ance with the tilt angle. The tilt angle is adjusted by a
pump regulator 460 in accordance with a command sig-
nal output from the controller 5.
[0106] The HST motor 47 is a swash plate type or a
swash shaft type variable displacement hydraulic motor
in which the displacement volume is controlled in accord-
ance with the tilt angle, and transmits the driving force of
the engine 3 to the wheels (front wheels 11A and rear
wheels 11B). Similarly to the case of the HST pump 46,
the tilt angle is adjusted by a motor regulator 470 in ac-
cordance with a command signal output from the con-
troller 5.
[0107] When the operator steps on the accelerator
pedal 123, the engine 3 rotates, and the driving force of
the engine 3 is transmitted in parallel to the HST40 and
the mechanical transmission unit 80 via a planetary gear
mechanism 81.
[0108] The planetary gear mechanism 81 includes a
sun gear 811 fixed on an input shaft 82, a plurality of
planetary gears 812 engaged with the outer periphery of
the sun gear 811, a planetary carrier 813 pivotally sup-
porting the plurality of planetary gears 812, a ring gear
814 engaged with the outer periphery of each of planetary
gears 812, and a pump input gear 815 engaged with the
outer periphery of the ring gear 814.
[0109] The output torque of the engine 3 is transmitted
to the input shaft 82 via a clutch device 83 including a
hydraulic clutch 83A for forward direction movement, a
hydraulic clutch 83B for reverse direction movement, and
a clutch shaft 83C, and then transmitted from the input
shaft 82 to the planetary gear mechanism 81.
[0110] Here, the planetary carrier 813 of the planetary
gear mechanism 81 is fixed on an output shaft 84, and
accordingly, the driving force of the engine 3 is transmit-
ted to the mechanical transmission unit 80. The driving
force of the engine 3 transmitted to the mechanical trans-
mission unit 80 is then transmitted to the axle 15 via a
propeller shaft 85 connected to the output shaft 84, which
drives the front wheels 11A and the rear wheels 11B.
[0111] A pump input gear 815 of the planetary gear
mechanism 81 is fixed on a rotation shaft of the HST
pump 46, and accordingly, the driving force of the engine
3 is also transmitted to the HST40. A motor output gear
86 is fixed on a rotation shaft of the HST motor 47 and
engages with a gear 840 of an output shaft 84. With this
configuration, the driving force of the engine 3 transmitted
to the HST40 is also transmitted to the axle 15 via the
propeller shaft 85 connected to the output shaft 84, which
drives the front wheels 11A and the rear wheels 11B.
[0112] Since the traveling drive device 4A the adjust-
ment is configured to adjust the vehicle speed by contin-

uously increasing or decreasing the discharge flow rate
of the HST pump 46, the wheel loader 1 can smoothly
start and stop with little impact. Note that the vehicle
speed is not necessarily controlled by adjusting the dis-
charge flow rate on the HST pump 46 side, but may be
controlled by adjusting the displacement volume on the
HST motor 47 side. The vehicle speed is detected by a
motor rotational speed sensor 74 as the rotational speed
of the HST motor 47.
[0113] In the present embodiment, a command signal
for controlling the maximum traction force output from
the controller 5 is input to the pump regulator 460 of the
HST pump 46 or the motor regulator 470 of the HST
motor 47. Accordingly, comparing the present embodi-
ment with the first embodiment, only the output destina-
tion of the command signal relating to the control of the
maximum traction force from the controller 5 is different,
but the same operations and effects as in the first em-
bodiment can be obtained in the present embodiment.
In the present embodiment, the HMT type traveling drive
device 4A has been described. Meanwhile, the present
invention is not limited to this but an HST type traveling
drive device without a mechanical transmission unit may
be used.

<Third Embodiment>

[0114] Hereinafter, with reference to FIG. 15, the wheel
loader 1 according to the third embodiment of the present
invention will be described. In FIG. 15, the constituent
elements common with those described for the wheel
loader 1 according to the first embodiment and the sec-
ond embodiment are provided with the same reference
signs, and description thereof is omitted.
[0115] FIG. 15 illustrates a hydraulic circuit and an
electric circuit of the wheel loader 1 according to the third
embodiment.
[0116] The wheel loader 1 according to the present
embodiment is configured to control the traveling of the
vehicle body by an EMT type traveling drive device 4B.
In the EMT traveling drive system, a generator 91 and
an electric motor 92 are provided respectively instead of
the HST pump 46 and the HST motor 47 of the HMT type
traveling drive system 4A described in the second em-
bodiment.
[0117] In the present embodiment, the command sig-
nal relating to the control of the maximum traction force
output from the controller 5 is input to the electric motor
92. Accordingly, comparing the present embodiment with
the first embodiment and the second embodiment, only
the output destination of the command signal relating to
the control of the maximum traction force from the con-
troller 5 is different, but the same operations and effects
as in the first embodiment can be obtained in the present
embodiment.
[0118] The embodiments of the present invention have
been described above, meanwhile, the present invention
is not limited to these embodiments described above but
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various modifications are included. For example, the
above-described embodiments have been explained in
detail in order to clarify the present invention, but are not
necessarily limited to those having all the configurations
described. In addition, a part of the configuration of the
present embodiment can be replaced with that of another
embodiment, and the configuration of another embodi-
ment can be added to the configuration of the present
embodiment. Furthermore, it is possible to add, delete,
or replace another configuration with respect to a part of
the configuration of the present embodiment.
[0119] For example, in the above-described embodi-
ments, the controller 5 performs both the maximum trac-
tion force control processing for the wheel loader 1 and
the input torque control processing for the working device
hydraulic pump 43 when the specific condition is satis-
fied. Meanwhile, the present invention is not limited to
this, but at least one of the maximum traction force control
processing for the wheel loader 1 and the input torque
control processing for the working device hydraulic pump
43 may be performed. In the case where the controller 5
performs only the maximum traction force control
processing for the wheel loader 1, it is also possible to
use a fixed displacement hydraulic pump as the working
device hydraulic pump 43.
[0120] As described in the embodiments above, there
is no limitation on the type of the traveling drive device
of the wheel loader 1.

LIST OF REFERENCE SIGNS

[0121]

1: wheel loader
2: front working device
3: engine
4, 4A, 4B: traveling drive device
5: controller
11A: front wheel (wheels)
11B: rear wheel (wheels)
42: transmission
43: working device hydraulic pump
52A: specific condition determination section
52B: release condition determination section
53: elapsed time measurement section
54A: traction force control section
54B: input torque control section
70: step-on amount sensor (traveling state sensor)
73: pressure sensor (operation state sensor)
124: forward/reverse changeover switch (traveling
state sensor)
126: monitor (display device)
Pa: discharge pressure
Pth: predetermined set value
R1: predetermined first limit value
R2: predetermined second limit value
ST1: predetermined first set time
ST2: predetermined second set time

Tp1: predetermined first input torque value
Tp2: predetermined second input torque value

Claims

1. A wheel loader comprising:

a vehicle body;
a plurality of wheels provided on the vehicle
body;
an engine provided on the vehicle body;
a traveling drive device configured to transmit
power from the engine to the plurality of wheels
to make the vehicle body travel;
a variable displacement working device hydrau-
lic pump driven by the engine; and
a front working device provided on a front portion
of the vehicle body and driven by hydraulic oil
supplied from the working device hydraulic
pump, wherein
the wheel loader further comprises:

a traveling state sensor configured to detect
a traveling state of the wheel loader;
an operation state sensor configured to de-
tect an operation state of the front working
device; and
a controller configured to control maximum
traction force of the wheel loader and input
torque of the working device hydraulic
pump, respectively,

the controller includes:

a specific condition determination section
configured to determine whether a specific
condition for specifying excavation work
performed by the wheel loader is satisfied
based on the traveling state detected by the
traveling state sensor and the operation
state detected by the operation state sen-
sor;
an elapsed time measurement section con-
figured to measure an elapsed time from
start of the excavation work performed by
the wheel loader;
a traction force control section configured
to control the maximum traction force of the
wheel loader; and
an input torque control section configured
to control the input torque of the working
device hydraulic pump,

the traction force control section is configured
to, in a case where the specific condition deter-
mination section determines that the specific
condition is satisfied and the elapsed time meas-
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urement section measures that a predetermined
first set time has elapsed from the start of the
excavation work, limit the maximum traction
force of the wheel loader to a predetermined first
limit value with a lapse of time while a predeter-
mined second set time elapses from the elapse
of the predetermined first set time, and
the input torque control section is configured to:

in a case where the specific condition de-
termination section determines that the spe-
cific condition is satisfied, limit the input
torque of the working device hydraulic pump
to a predetermined first input torque value;
and
in a case where the elapsed time measure-
ment section measures that the predeter-
mined second set time has elapsed further
from the elapse of the predetermined first
set time, limit the input torque of the working
device hydraulic pump from the predeter-
mined first input torque value to a predeter-
mined second input torque value which is
greater than the predetermined first input
torque value.

2. The wheel loader according to claim 1, wherein
the traction force control section is configured to, in
a case where the elapsed time measurement section
measures that the predetermined second set time
has elapsed further from the elapse of the predeter-
mined first set time, limit the maximum traction force
of the wheel loader from the predetermined first limit
value to a predetermined second limit value which
is smaller than the predetermined first limit value.

3. The wheel loader according to claim 1, wherein

the traveling drive device includes a transmis-
sion capable of switching a speed stage be-
tween a plurality of speed stages, and
the specific condition determination section de-
termines that the specific condition is satisfied
in a case where the speed stage of the trans-
mission is low speed stage to be selected during
the excavation work and discharge pressure of
the working device hydraulic pump is equal to
or greater than a predetermined set value.

4. The wheel loader according to claim 1, wherein

the controller includes a release condition de-
termination section configured to determine
whether a release condition for releasing the ex-
cavation work performed by the wheel loader
based on the traveling state detected by the
traveling state sensor and the operation state
detected by the operation state sensor, and

the input torque control section is configured to,
in a case where the release condition determi-
nation section determines that the release con-
dition is satisfied, release limitation in which the
input torque of the working device hydraulic
pump is limited to the predetermined first input
torque value and the predetermined second in-
put torque value.

5. The wheel loader according to claim 2, further com-
prising a display device configured to display infor-
mation on the maximum traction force of the wheel
loader and the input torque of the working device
hydraulic pump, respectively, wherein
the display device is configured to display, based on
a controlled state by the input torque control section,
that the input torque of the working device hydraulic
pump is controlled to the predetermined second in-
put torque value, and based on a limited state by the
traction force control section, display that the maxi-
mum traction force of the wheel loader is limited to
the predetermined second limit value.

6. A wheel loader comprising:

a vehicle body;
a plurality of wheels provided on the vehicle
body;
an engine provided on the vehicle body;
a traveling drive device configured to transmit
power from the engine to the plurality of wheels
to make the vehicle body travel;
a working device hydraulic pump driven by the
engine; and
a front working device provided on a front portion
of the vehicle body and driven by hydraulic oil
supplied from the working device hydraulic
pump, wherein
the wheel loader further comprises:

a traveling state sensor configured to detect
a traveling state of the wheel loader;
an operation state sensor configured to de-
tect an operation state of the front working
device; and
a controller configured to control maximum
traction force of the wheel loader and input
torque of the working device hydraulic
pump, respectively,

the controller includes:

a specific condition determination section
configured to determine whether a specific
condition for specifying excavation work
performed by the wheel loader is satisfied
based on the traveling state detected by the
traveling state sensor and the operation
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state detected by the operation state sen-
sor;
an elapsed time measurement section con-
figured to measure an elapsed time from
start of the excavation work performed by
the wheel loader; and
a traction force control section configured
to control the maximum traction force of the
wheel loader, and

the traction force control section is configured to:

in a case where the specific condition de-
termination section determines that the spe-
cific condition is satisfied and the elapsed
time measurement section measures that a
predetermined first set time has elapsed
from the start of the excavation work, limit
the maximum traction force of the wheel
loader to a predetermined first limit value
with a lapse of time while a predetermined
second set time elapses from the elapse of
the predetermined first set time; and
in a case where the elapsed time measure-
ment section measures that the predeter-
mined second set time has elapsed further
from the elapse of the predetermined first
set time, limit the maximum traction force of
the wheel loader from the predetermined
first limit value to a predetermined second
limit value which is smaller than the prede-
termined first limit value.

7. The wheel loader according to claim 6, wherein
the traction force control section is configured to, in
a case where the elapsed time measurement section
measures that a predetermined third set time has
elapsed further from the elapse of the predetermined
second set time and the specific condition determi-
nation section determines that the specific condition
is continuously satisfied, increase the maximum
traction force of the wheel loader from the predeter-
mined second limit value to a value which is greater
than the predetermined second limit value, or bring
the maximum traction force of the wheel loader back
to the predetermined first limit value.
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